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Table I. BV expression by CD4F and CD8F cells in PBMC and lesional biopsies
CD4 CD4 CD4 CD8 CD8 CD8
PBMC biopsy A biopsy B PBMC biopsy A biopsy B
Patient 1 BV5Ba 2% 7.5% 4.2%
BV18 0.5% 5% 4.9%
Patient 3b BV13 6.1% 11.6% 14.7%
Patient 4 BV6 7.5% 15.8% 12.4%
BV7 2.3% 4.5% 6.2%
BV9 1.6% 6.1% 4.5%
aTwo probes, designated 5A and 5B, were required to allow detection of all BV5 family members (Vekony et al, 1997).
bThere was no significantly skewed BV expression by either CD41 or CD81 cells in the two lesional biopsies of patient 2. In patient 3, there was no skewing of BV expression by
lesional CD41 cells.
defined as an approximately 2-fold or greater mean increase in lesional
versus PBMC BV expression, with mean lesional expression of the
specific BV family representing at least 5% of the total, then significant
expansion amongst CD81 cells was seen in three of the four patients
and amongst CD41 cells in two of four patients. The BV families
involved and the percentage expression in PBMC and both lesional
biopsies are shown in Table I. Among lesional CD81 cells, increased
expression of BV6 was seen in one patient, of BV13 in another, and
of BV18 in a third. Among lesional CD41 cells, an increase of BV5
was seen in one patient and of BV7 and BV9 in another. In contrast
with the previous report (Chang et al, 1994), we found no evidence
for lesional expansion of CD81 T cells expressing the BV3 family, and
increased BV13 was seen in only one of four patients.
In our work, full thickness punch biopsies of skin, trimmed of
subcutaneous fat and deeper dermis, were subjected to analysis;
however, we do not believe that this fact explains the differences
between the present and previously reported work, in which ‘‘epi-
dermal’’ samples were obtained by keratotome (Chang et al, 1994). As
previously argued (Vekony et al, 1997), keratotome biopsies of psoriatic
lesions are likely to include superficial dermis, which contains the
major portion of lesional T cell infiltrates. More precise molecular
analysis of the clonality of intraepidermal CD81 T cells in psoriatic
lesions requires recovery of epidermis uncontaminated with dermis, a
procedure fraught with difficulty in view of the highly irregular
epidermal hyperplasia and suprapapillary epidermal thinning character-
istic of psoriatic lesions (Camp, 1992).
This work is compatible with the possibility that clonal expansion
of CD81 T cells occurs in some psoriatic skin lesions; however, our
findings suggest that skewing of BV expression by lesional CD81 cells
versus PBMC is relatively modest and more variable than previously
reported (Chang et al, 1994), and that any TCR directed therapy for
psoriasis should be customised for each patient.
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Investigation of Water Sorption on Porcine Stratum Corneum
by Very Small Angle Neutron Scattering
To the Editor:
Stratum corneum (SC), the outermost layer of the epidermis, plays an
important role in the diffusion of water and drugs through the skin.
The SC consists of layers of dead keratinized cells, the corneocytes,
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surrounded by a lipid matrix. In the intercellular region, lipids are
arranged in a lamellar phase consisting of alternative layers of water
and lipid bilayers, whereas in the protein domains the corneocytes are
enveloped in a lipid continuum. An important property of SC is that
increased hydration leads to enhanced drug penetration (Roberts and
Walker, 1993); however, the route that water follows through SC
(intercellular or transcellular) still remains questionable (Barry, 1991).
To this end, the use of new and combined techniques in SC
investigation is a matter of interest.
Very small angle neutron scattering is a modern nondestructive
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Figure 1. Scattering curves of SC at various RH and the proposed mechanism of water sorption.
technique based on the same principles as small angle neutron scattering.
With small angle neutron scattering, neutrons are principally scattered
by atomic nuclei, and the outcome is a scattering curve showing the
decay of the scattered intensity, I(Q), against the scattering vector,
Q 5 4pisinθ/λ, where 2θ is the scattering angle and λ is the wavelength.
Considering Bragg’s law together with the equation for the scattering
vector, we find that a range of inhomogeneities having sizes Qd ø 2pi
can be observed; however, in order to detect very large inhomogeneit-
ies, one may attain very small angles. Regular arrangements for small
angle neutron scattering experiments are typically providing information
for sizes between 1 and 50 nm. A double crystal diffractometer may
overtake some limitations related to small angle arrangement and
therefore may provide information for inhomogeneities having sizes
between 30 nm and 30 µm.
Neutron scattering may allow a scattering contrast to be introduced
to the system under examination by varying the ratio H2O/D2O.
Because H2O and D2O have scattering length densities of opposite
sign, a variety of scattering contrast can be attained. In general, the
intensity, I(Q), scattered by a ternary system is related to the scattering
length densities in terms of the following expression (Feigin and
Svergun, 1987):
I(Q) ~ (ρ1 – ρ2)2φ1φ2 1 (ρ1 – ρ3)2φ1φ3 1 (ρ2 – ρ3)2φ2φ3
where ρ1, ρ2, ρ3 and φ1, φ2, φ3 are the scattering length densities and
the volume fraction of phases 1, 2, and 3, respectively.
In this study, the bulk properties of the intercellular region of
porcine SC were investigated by water sorption in conjuction with
very small angle neutron scattering at various relative humidities (RH).
The SC was obtained from porcine skin as follows (Kligman and
Christophers, 1963; Bouwstra et al, 1994). Fresh pig ears were cleaned
with cold water and a razor blade was used to remove the hair. A full-
thickness layer of skin was excised from these ears with a scalpel. The
epidermis was separated from the underlying dermis by immersing the
skin sample in distilled water at 60°C for 60 s. The SC was finally
isolated from this epidermis tissue by treating it with a 0.1% trypsin
(T-8918, SIGMA) solution in phosphate buffered saline (P-4417,
SIGMA), pH 5 7.4 for 2 h at 37°C. These SC sheets were shred to
pieces, dried at room temperature, and stored at –18°C until used. In
order to avoid the use of different samples, the sorption and very small
angle neutron scattering measurements were performed in situ. From
eqn 1 it is clear that if pure H2O is used as a sorbate, I(Q) would also
increase due to the scattering contrast. If so, one would be in doubt
whether an increase of the intensity could be attributed to a swelling
effect or merely to an increase of the scattering contrast. In order to
verify this, the SC sample was exposed to various relative humidities
corresponding to certain relative pressures of a 60% H2O/D2O mixture
through the use of a portable adsorption apparatus described elsewhere
(Mitropoulos et al, 1997). Regularly, the use of this particular water
mixture as a sorbate is expected to decrease I(Q) as adsorption
progresses. Therefore, a possible increase of I(Q) would be attributed
to an effect other than scattering contrast. An appropriately modified
HELLMA 100-QS quartz cuvette was used as the sample cell. The
isothermal temperature of the experiment was as accurate as 26 6 0.1°C,
and for each cycle an approximately 8 h equilibration time was allowed.
The equilibrated sample was then exposed on a double crystal neutron
diffractometer at Q ranges between 0.006 and 0.04 nm–1.
Figure 1 shows the SC spectra at various RH, whereas the adjacent
drawings portray ‘‘frame by frame’’ the effect of water sorption on SC.
The result suggests that I(Q) increases as sorption progresses from dry
to 84% RH, whereas at 99% RH a drop in I(Q) is observed. Application
of the Guinier approximation (Feigin and Svergun, 1987) to the
scattering curves, assuming discs, suggests that the scattering is due to
the intercellular region (typical thickness µ70 nm). Because the increase
on the scattering length densities of the system was compensated for
by the scattering contrast of the sorbate, the course of events may be
attributed to a swelling mechanism described as follows. At RH
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between dry and 16%, most of the water is absorbed at the intercellular
region causing an increase of I(Q) (Fig 1, A, B). At RH between 16%
and 84%, a further swelling of this particular region and a further
increase of I(Q) occurs, although in a less extensive way. This suggests
that an amount of water is also absorbed by corneocytes (Fig 1, C).
At RH 5 99% most of the water is absorbed by corneocytes (Fig 1,
D). Because the mechanical properties of SC are limited, the increase
on the size of corneocytes acts against the intercellular space. As a
result, I(Q) drops.
Norle´n et al (1997) present a detailed description of the corneocyte
structure, as well as the swelling mechanism of SC. They suggested
that the intercellular lipid bilayers play an important role in water
uptake of SC. For a fully hydrated sample, the intercellular lipid bilayers
mechanically prevent the attraction between the hydrophobic cell
envelopes. Again, Norle´n et al suggested that the intercellular lipid
bilayers would not take up a substantial amount of water. Our results
do not contradict these findings. Prior to full hydration, at low RH,
where most of the water is absorbed by the intercellular region, the
water uptake is very small. As RH increases towards full hydration,
most of the water is absorbed by corneocytes whereas the intercellular
region, acting in a mechanical way against corneocytes, suffers a
slight decrease.
Because no swelling of lipid bilayers has been so far observed
(Bouwstra et al, 1994), the swelling effect within the intercellular
region may be attributed to the occurrence of the lipid–water separation
phase. Recently, an investigation of fully hydrated human SC by means
of freeze-fracture electron microscopy (van Hal et al, 1996) revealed
both the occurrence of a lipid–water phase separation due to the
formation of water pools in lipid-poor regions in the intercellular
region, and swelling of the corneocytes. Rough structures within the
intercellular region are also observed.
At low Q, I(Q) decays by following a power law I(Q) ~ Q–α
(Hoinkis, 1997). For Euclidean three-dimensional objects, α 5 2. If,
however, irregular objects are present within the investigated system,
α takes noninteger values. In this case, α 5 Dm, where Dm is the
mass fractal dimension (Dm , 3). At 0.014 , Q , 0.04 nm
–1 (not
shown in Fig 1), spectra analysis of porcine SC shows that I(Q) ~
Q–2.5. This is in agreement with van Hal’s et al observations for rough
structures.
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